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Watertown Arsenal Laboratory

Report Number WAL 710/265-1 21 July 1944
Problem Number B3,1
DECLASSIF T

I "
‘ B
Perforation Resistance Characteristics of Masmesium Alloys, ]
Dowmetal (Type FS, J-1 ) ’
[ N \ \ m . . B
S f-ﬁ\_ N 4\. C\_ \-\"‘ f’?‘ RREER \\ VS . .
To investigate the feasibility of using Dowmetal as armor in aircraft. E ﬂ
CONCLUSIONS
1, " Dowvmetal, while affording resistance to perforation by small L
armsg vYrojectiles comparable, on a welght-per-welght basis, to that of R
good quality non-magnetic steel, nevertheless exhibits severe tendencies L .
toward spalling which militate ngainst ites use as armor, \L T
- \L\J . L
/- -3 S
2, Tho rosistance to perforation of Dowmetal by cal, {30 AP M2, AR
cal, 50 AP M2 or 20 M, AP M75 projectiles at normal incigence and S
throughout the entire range of obliquities investigated (0% to 76"7 is TN
: well represented,by the following equations S
Vo = 1535 (e1/a)+5 RN
cos © G
vhere Vn 1s the Novy ballistic limit in feet-per-gecond, ej is the ;* '“':;
thickness (in feet) of a plece of steel equivalent in weight Der unit P
surface area to the subject thickness of Dowmetal, 4 is the diamecter % T
of the projectile (core) in feet, and 8 is the angle of obliquity from 1
the normal, . "
w LA Ll
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INTRODUCTION

As an ald to the designer and fabricator of aireraft armor, a
study of the perforation resistance characteristics of various types
of materials which might be used as aircraft avmor has recently been
completed at this argenall,

This study hes shown that duralumin (24 ST), an aluminum alloy,
exhibits high resistance to perforation by small arms projectiles and,
on a welght«forewelght basis, at high obliquities affords even greater
resistance than steel armor., It is reasonable to attribute the weight-
for-weight superiority of duralumin over steel at high obligquity to the

greater thicknesseper-unit-weight of the lighter alloy.

Since Dowmotal has even grester thickness-per-uniteweight than
duralumin and has wide use in the aircraft industry, samples of this
magnesiun alloy have been studied concurrently,

In an earlier report2 tho results of firing at Downetal (FS) were
set forth., This revort reviews and corrects those data and integrates
with then the regilts of firing at the J-1 alloy of the same naterial,

TEST PROCEDURE

Balligtic tests at normal incidence and at nominal obliquities of
300, 450, 600 and 75° from the normal were conducted on a one-hundred
vard S3&SF £11ing renge, utilizing a cal, .50 Browning Machine Gun
barrel and a cal, .30 Mann barrel mounted in a machine prest which
Pornits horizontal and vertical orientation of the gun to control the
DPlacenent of shots on the target and to compensate for any fluctuation
in trajectory incidental to a variation in velocity, A 20 MM, gun
nmounted in a 3' field piece permitting similar maneuverability was used

for heavier fire,

(Upon checking, the nonminal obliquities of 302, U45°, 60° and 75°
were found to be actually 329, 450, 590 and 69927%, respcctively.)

Striking velocities were deternined by the usc of a pair of
Aberdcen Chronographs connected to screens of nmetal foil mounted on
wooden frames. By such a device the average velocity of the projectile
cver the distance between the screcns was determined from which the
striking velgeity was computed from prevared correction tables,

1. Vatertow, Arsenal Laboratory Report No. WAL 710/506, "Aircreft
Arnor - An Enpirical Approach to the Zfficient Design of Armor for

Alreraft", dated 31 January 1944,

2. Watertown Arsenal Laboratory Report No, WAL 710/265, "Atrcraft
Armor - Ballistic Characteristics of a Magnesiun Alloy, Downetal
@ype F3)", dated 22 October 1943,
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RESTRICTED

Before firing, powdor charges were ostinmated to produce the required

striking velocity for each round and rounds were accordingly assembled
from appropriate components.

RESULTS

The results of the ballistic tests have been summarized in
Tables I to X and graphically represented in Figures 1 to 10, Values
of ¢ and el in these tables are listed in terms of inches, although
e1/d valucs have been completed with both el and 4 in terms of feet,

The estimated rosistance to perforation of scveral armor materials
equivalent on a weight-for-welght basis to steel whose thickness equals

the diameter of the attacking projectile (core) is listed in Table XI
and illustrated in Figure 11,

The detailed reccords of firing are maintained in the files of the
Arnor Section of this laboratory and in the interests of conservation
of materials have not been reproduced herein,

DISCUSSION

In order to facilitate a comparison of the perforation resistance
efficiency of Downetal with that of other armor materials, its Derformance
at the various obliquities investigated has been evaluated in terms of
the Thompson coefficient3 and plotted againet e1/d cos ® in Figures 1

to 10, Fron these figures there has been estinatod the resistance at

3, The Thonmpeson coefficient (F) is a measure of the ballistic efficien;§ %‘_";.
of armor and is obtainable from the following: ey

2 g 0 ¥ cos® @ f? -
e dz f'“.

where n is the weight of the projectilec in pounds, V is the linit
velocity in feetwper-second, 8 is tho angle of obliquity fron the
nornal, e is the thickness of the Dlate in feet and & is the
dianeter of the projectile (core) in feet.

For L.e Turnose of convaring the efficiency of materials of different
density with that of steel on the basis of “rstection afforded ver
uniteweight used to protect a unit of area »orpendicular to the

line of fire e) nay be substituted for ¢ in this ecquation ej being

that'thickgesE_bf steel which is equivalent in weight %o the subject l::l .

thickness (c¢) of the matcrial whose effic vaiu1t3&7**-——-¥i§ ,
In this revort coe T
- el = _£_ for Downetal; .- =
¥ IR =
o]l = E%g for duraluming N A 7; o ? Ea =~ o
e; - - 4 = Lo

31 N i ,‘ . \ <£: b

hobhoa s, s = .
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v various obliquities of & thickness of Dowmetal equivalent in weight-per-

unit-gurface-area to a thickness of stecl equal to the dlameter of the
attacking projectile {core), and these values have been listed in

Table XI ond vlotted in Figure 11 against typical values for other armor
materials,

It will be noted that over the range of obliquities where data
is available, the resistance of Dowmetal is greater on a weightefor-
welght basis than that of non-magnetic steel armor. Howover, the
inherent spalling tendency characteristic of Dowmetal in this
condition militates ngainst its substitution for austenitic steel in
installations requiring nrmor with non-mngnetic properties. Duralumin
affords much greater rosistance with less tendency toward spalling
and is thus a more favorable substitute,

In the earlier revort calculations of the F function were based
on the presumption that the nominal obliquities were accurate., 4s a
! rosult of these ealculations it was concluded that the value of that
' figure of merit, substontially constant over awide range of obliquity, L
g apparently fell off at obliquities greater than 60°, Precise measure- R
-~ nent of the obliquitices, however, discloses that the nominal . i
g obliquitics werc rot accurato and in the case of the assumed 7R° - . !
. obliquity, the angle at which the testing was actually verforned was -
o
3

69927', Recalculation of the Thompson Ccefficient on the basis of the -:'2;
corrected values resulted in substantial constancy of theilr values )
throughout the entire range of obliquities observed,

)~ e
'ql - Thus the forrmula: Vn = 1535 (ey/d)+? - ‘J
i cos © :

considered in the previous work to be applicable only up to 60° now
appears to be valid over the entire range of observation (0% to 70°),
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REPRODUCE LEGIBLY.



L P e MR

L

L e e T Y gy W W NNy~ T T Y e PTG T TR T e T T T e T R T BT RN
SRS h (AR o SRR NP RSN SR N N

TABLE XI

Navy Ballistic Limits (Estimated) at Various Obliquities of

Different Armor Materials Equivelent on

a Weightefor-Weight Bagis to Steel Whose
Thickness Equals the Diamgter of the

Attackine Projectile (Core)

(See also Figure 11.)

Q° 200 14/0 60°

Face-Hardened Steel 2130 2390 2870 3920
Homogencous Steel (BHN 3L0-360) 1650 2040 2670 3530

Non-Magnetic Steol (Spec, ANOS-3) 1300 1725  wwm -

Durclumin (24ST) 1820 1940 2610 L4025
Dowmetal (FS) 1600 1780 2170 3045
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